to diving in the harbor seal: cardiac output during diving.
RESULTS
Peripheral venous dye injection. Figure I shows a typical example of the curves obtained when a bolus of dye was injected into the peripheral vein. The top curve is typical of curves obtained when dye is injected into a peripheral flipper vein with the animal in air. It can be seen that the characteristics of the curve are identical to those found in man and are suitable for calculation of cardiac output. The bottom curve is typical of those obtained when dye is injected into a peripheral vein during a dive. There is essentially no increase in aortic dye concentration with time. However, dye-dilution curves can be obtained during diving by direct injection of dye into the right ventricle with aortic sampling. The failure to inscribe a dye curve with peripheral venqus injection during diving must be interpreted as virtual cessation of flipper blood flow.
Heart rate. Figure 2 shows a typical aortic pressure tracing and ECG before and during diving. The rapid onset of bradycardia is apparent. The aortic pressure tracing demonstrates that a true bradycardia develops rather than artifactual alteration of the ECG produced by diving. The disappearance of bradycardia following the dive is prompt (Table 2 ). These data are in agreement with previous reports (3, 7) .
Cardiac output. There is excellent agreement between control measurements in each animal.
Cardiac output decreases dramatically during the dive. During diving the cardiac output ranged between 6 and 36 % of control values with a mean of I 2 %. This decrease in output is manifested within 30 set after the onset of diving and is more or less consistently maintained during the entire period of diving. Stroke volume did not change in a consistent fashion during diving. In some experiments it decreased, in some it remained approximately constant, and in others it increased. The mean values, however, were essentially the same. Following the cessation of the dive, cardiac outputs were generally markedly elevated above basal values and decreased gradually over a period of 4-10 min to control values. However, in two studies the postdive increase in cardiac output was not detected. The mean cardiac output during the first IO min post diving averaged 160 % of control value. During the postdive period there again was no consistent change in stroke volume but in some animals there was a dramatic increase in this parameter.
Intravascular and intracardiac pressures. There were essentially no changes in the level of aortic, pulmonary artery, or right and left ventricular systolic and diastolic pressures during diving. Figure  2 shows a typical aortic pressure tracing in the predive period as compared with diving.
DISCUSSION
The data reported in this study confirm the previously reported presence of arterial constriction and bradycardia during diving in the seal. In addition, they show that a marked decrease in cardiac output is an important part of circulatory adaptation during diving. Recently it has been suggested that the hemodynamic changes during diving in the seal constitute a pattern which is found in all vertebrates (2) .
The evidence advanced to support this hypothesis is the development of bradycardia among a number of species, including man, during diving (2) . It has also been shown that fish removed from water demonstrate a decrease in heart rate (4) . The validity of a general vertebrate diving reflex may be questioned.
First of all, adaptation to diving in at least one vertebrate, the fresh-water turtle, does not involve bradycardia or peripheral arterial constriction (5) . Second, there is no evidence to suggest that generalized arterial constriction, the primary adaptive mechanism, is present in all diving vertebrates. In addition, inspection of ECG's during diving in other mammals frequently shows ST-segment and T-wave alterations, changes which are known to reflect myocardial ischemia (2) .
Ischemic changes are not found in the normal diving seal. Thus the bradycardia reported in some vertebrates may reflect nonspecific effects of hypoxia, rather than a true diving adaptation.
The "basal" cardiac outputs of the seals seemed rather high when compared with those of man on a weight basis. Previous studies have shown that basal oxygen consumption in the seal is elevated to a similar degree when compared to that of man (I 0 On the other hand, metabolic acidosis develops, related to the accumulation of lactic acid, which lasts longer than the hypercapnea (9). Indeed, during this period there is hypocapnea.
Whether
